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Description 

Background and Summary of the Invention 

[0001] The present invention relates to athree-dlmen- 5 
sional shaped bone graft construct and methods for its 
pr paration. 

[0002] The construct according to the present inven- 
tion comprises non-immunogenic bone graft composi- 
tions in powder form comprising the tunica submucosa io 
delaminatedfrom the tunica muscularis and at least the 
luminal portion of the tunica mucosa of a segment of 
warm-blooded vertebrate intestine. Upon deposition in- 
to a damaged or defective region of bony tissue, the 
bone graft powder compositions promote growth of en- f J 
dogenous tissue to repair the damaged or defective re- 
gion. 

[0003] It has been reported that compositions com- 
prising the tunica submucosa and the basilar portions 
of the tunica mucosa of the intestine of warm-blooded 20 
vertebrates can be used as tissue graft materials in 
sheet form. See U.S. Patent No. 4,902,508. The pre- 
ferred compositions described and claimed in that pat- 
ent are characterized by excellent mechanical proper- 
ties, including high compliance, a high burst pressure 25 
point, and an effective porosity index which allowed 
such compositions to be used beneficially for vascular 
graft constructs. The graft materials disclosed in that 
patent are also useful in tendon and ligament replace- 
ment applications. When used in such applications the 30 
preferred graft constructs appear to serve as a matrix 
for the regrowth of the tissues replaced by- the graft con- 
structs. 

[0004] Furthermore, ithasbeen discovered that intes- 
tinal submucosa can be fluidized by comminuting and/ 35 
or protease digestion, without loss of its apparent bio- 
tropic properties, for use in less invasive methods of ad- 
ministration (e.g., injection or topical) to host tissues in 
need of repair. See U.S. Patent No. 5,275,825. Fiuidized 
comminuted intestinal tissue comprising tunica submu- *o 
cosa has previously been successfully used to remodel 
damaged ligaments and tendons, Common events to 
this remodeling process include: widespread and very 
rapid neovascularization, proliferation of granulation 
mesenchymal ceils, biodegradation of implanted intes- «. 
tinal submucosa tissue, and lack of immune rejection. 
[0005] US Patent 5,352,463 discloses a fluidized, in- 
jectable tissue graft compositio comprising comminuted 
intestinal submucosa or protease-digested intestinal 
submucos; Methods for the preparation and use of in- so 
jectable tissue graft compositions are described. 
[0006] The present application discloses a three-di- 
mensional shaped bone graft construct for inducing the 
repair of bone in warm-blooded vertebrates. The bone 
graft construct can be implanted into a site in need of ss 
repair under conditions conducive to the proliferation of 
endogenous tissues. The bone graft construct is formed 
from intestinal tissue of a warm-biooded vertebrate, the 



Intestinal tissue comprising the tunica submucosa dela- 
minated from the tunica muscularis and at least the lu- 
minal portion of the tunica mucosa, or a protease digest 
thereof. 

[0007] Approximately 300,000 bone grafting and frac- 
ture repair procedures are performed each year in the 
United Stat s. The market potential of an inexpensive, 
readily prepared and easily maintained bone graft ma- 
terial is esrjmated.to be greater than 300 million dollars. 
Such biomaterials may be used to effectively repair frac- 
tures, craniofacial defects, periodontal defects, arthrod- 
esis, and skeletal reconstruction following secondary 
bone loss to infection or neoplasm. 
[0008] Currently, fresh autologous bone is the most 
effective bone graft material available. However, there 
are several disadvantages associated with the use of 
bone autografts including limited supply, the need for 
additional surgical procedures, and added morbidity as- 
sociated with its harvest. Allogeneic bone grafts are also 
clinically used, but such graft compositions have serious 
shortcomings associated with their use, including the 
limited availability of cadaver bone, the quality of the 
banked bone, and the potential spread of human dis- 
ease. 

[0009] Ceramics, such as hydroxyapatite ortricaicium 
phosphate are also being investigated, but these mate- 
rials are only osteoinductive rather than osteoinduc- 
tive: i.e. new bone is generally only formed adjacent to 
the implant and the normal bone. More recently, a ma- 
terial known as Collagraft has been investigated as a 
potential bone graft material. It is a composite of bovine 
collagen, hydroxyapatiteAricaicium phosphate fibriHae 
ceramic, and bone marrow (aspirated from the fiiac crest 
of the patient). The disadvantage of Collagraft is it lacks 
structural strength, and therefore is not useful in situa- 
tions where cortical grafting is needed. 
[001 0] Because of the disadvantages associated with 
current bone repair therapeutic strategies, there is a 
strong need for alternative bone graft materials. It has 
been previously reported that compositions comprising 
tunica submucosa and basilar portions of the tunica mu- 
cosa of vertebrate intestine can be used as tissue graft 
materials which induce the growth of endogenous tis- 
sues. It has been discovered that powder forms of in- 
testinal tissue comprising tunica submucosa and basilar 
portions of the tunica mucosa retain their biotropic prop- 
erties and can be used as a bone graft material. As an 
alternative bone graft material, the powder forms serve 
as a plentiful biological by-product that is inexpensive, 
readily prepared and easily maintained. This material in- 
duces and/or supports the regeneration of bony skeletal 
tissue, and preliminary results suggestthatthe structur- 
al and mechanical integrity of the grafted area is at least 
equivalent to that of the preexisting bone. 
[0011] According to the present invention there is pro- 
vided a three-dimensional shaped bone graft construct 
for inducing the repair of bone in a warm-blooded ver- 
tebrate said bone graft construct being formed from a 
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imposition consisting es sentiaJlyof 
a mixture of intestinal 

«■ =ompn ses the ^ mtestinBi s ^u- 

from both the tunica mus^uTJ, . °° Sa de,amir "«ed 
of the tunica mucosa Z7*ll T ' Umina ' P°«'on 
■tea* ; and w^m-blooded vertebrate In- 

art additive selected fm m «, 
a bioactive agent or physio 9 ™ P C ° nSistin 9 of 

wherein said compoS £ C ° mpatib,e 

comprising the tunica submit ™ Ussue 
*nica muscularis and at teaSh! f e,am,nated the 
tunica mucosa. There Jl™ ?! IUm,nal porti °n °f the 
■Mon comprising lyophLld ^ 3 b ° n& 9 raft «">Po- 

<* ^ the tunica ^^Jf™""* de,amin «- 
Portlon of the tunica mucosa ^ fte ,umi "al 

2 uses 6 ,;::^ s ~ have a ^ * 

bony fusions, aiding ? n ^ S " r o 9 a e ^f u k ch ^ augmenong 

tachment of metal or plastic nfl a8MHn fl tne *- 
«on, they may be vlS^ 600 dev 'ces. in addi- 
W disease, and in other to^h ^^^P^^on- 
Further.3 ra Pair processes. 

« Jagenrrb/adtxTd^^ ° ther b - 
*h the bone orrtconSS.S!'* ° r com P'^d 
ate a composition for trlelno ^ ? ent '° n to cre ' 
P°15] The bone graS Sm„ « ,oca »V- 
tageously for induCth^n° Slt, ° nS "* USed 
"'ooded vertebrate 9 m e b0 " e in a wa ™- 

f bone graft composition, i mensional *haped 
torn, the three-dimensionai sh^r K C ° mpressed t0 
to the damaged or defecttfr a rn nbeimp,antedin - 
graftcompositioncompSes th?,' 0 "' WhErein the bon e 
the basilar portions o7^n£ ^^"cosa and 

« vertebrate intestine o T r l™T * 9 Se 9 men t 
one embodiment the int^al j r 6 d ' 96St 
'^fthetunicasubmucoStn^ Ue Consists **ential- 
the stratum nmpZ'Tff*,™*** muco ^and 
blooded intestinal S "* mUCOSa ° f wa ™> 

P«8J Additional objects w, 
of the invention will becoml' J 8S ' and Vantages 
^ art upon aJ2^£™**»>«»£* 
scription of preferred e^!^ f °^ n » de- 

bestmodeof^gltme ,n 6ntS th. 
ceived. ^ 9 ° UUhe mven tion as presently per . 
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tebrates. P Qr other w arm-blooded ver- 

P° 1 8] The submucosB i tv. 
5 rived from the in^eTr^ * "f* h Preferab 'y 
test/ne. «**J£^~ *• sma « *- 

«Kal tissue rna? b£2 b B ? ^ ,ntest,na '^bmu- 

compositions compnJesTe f Potion of the 
,0 vwth the lamina mrc^ m niCaSUbmUCOsaa, o"9 

fe tunica mucosa of saidl " Ium ' na ' Portion of 

ganeraHyreferredVnerern??" 1 : SUCh mat6rial * 
,5 P019J Theprep^'^'^^submucosa 

a segment of smEeX" w^' SUbm ^ 
No. 4,902,508 ne ' S dstai,ed in U.S. Patent 

2n i^:ziZT e - fe flrst SUbiectad to 

20 both the outerlyl T" 9 motton to re move 

Portions of the tunfca mulll , ^ er,av6 ' s (the luminal 
^mucosa is ^ 2 ^ the lnte ^ 
a frozen hydrated s^e urS ? ando P tiona «y stored in 
23 P021] Inonecornp^^^ 

Position is P reparedT on ?S^ P,eabone 9 ra ftcom^ 

<ahs and the hnftCSSSllT ^ miJsaj - 
tsbrate intestine Atomic th l Btun,ca '™«o»aofv«f. 
- «on in powd To^n tl? 9raft com P-'- 

testina, submuco^ S Pr6pared from ""'dbad in- 

testtna, «w£ B ^S l S 1 t,,B t ,ta - Ending the f 
Purred although good res^ " State is 

by subjecting a su spS n S T 0 ^ Z , ^ ° btained 95 ^« 
^ treatment in a high speed °hl h T™" 3 ** pieces t0 
w Bering, if necessar^ 7y^?l ^ Md de " 

cass W ater. The corn^S 1 9 9 ^ decant,n 9 
by enrymauc digestion S ^ ^ " e """""n"* 
submucosa wrth a «V gating the 

atan acidic pH for a 38 trypSin "W. 

lution. 3 subs tantially homogeneous so- 

thetunicasubmucosa S! tnal Bssue "mprising 
» « and «^^ 0 ^^^^nJ 
vertebrate intestine is prepa red hi ■ mUCOsa of 
tinalsubmucosa tlssj ^SXSul!^ 1lm,n ^ 
Particles ranging In * er W, £ 1 ^ t0 PredUce 
"'ateisthen iyophilized J""- 11 " » 
55 a solid substantially anhvdro ,1 ten ' Eed to fo ™ 

9^ composition ^ZToT^ a bona 
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me prepared suspens.ons and solutions of comminuted 
intestinal submucosa are dried to form the powderized 
compositions of the present invention. 
[0025] Bone graft compositions can be sterilized us- 

^" r r! 9n ' ZedSter1l,2at,on techn,aues including g|. 
utaraldehyde tanning with glutaraldehyde, formalde- 
hyde tanning at acidic pH, propylene oxide treatment 
gas plasma sterilization, gamma radiation, electron 
beam and penacetic acid sterilization. The tissues can 
be stenhzed during the preparation of the bone graft 
compos,tlon, orsubsequent to theformation of the com- 
portion but pnorto implantation into a host. A steriliza- 
tion techn.que whichdoes not significantly weaken the 
mechan.cal strength, structure and biotropic properties 
ofthegrafttepref^.y used . ForinstancSi 

strong gamma radiation may cause loss of strength 
n the graft material. Because one of the most attract 
features of the bone graft compositions is their ability to 
•nduce host-remodelling responses, Itis desirable notto 
use a sterilization approach which will detract from *at 

r* Sterili2atl '° n 

fad 9raftt ° ra ° et,C aa ' d ' 1 ' 4 Mrads 8-™ ir- 
radiate, more preferably 1-2.5 Mrads of gamma irra- 

HizaHon be.ng the most preferred method. Typically the 

SSTT" r 016 Submuco ^ tissue has been 
d a £ ' , SUbmucosal t,ssu * "-ay be wrapped in a 

Deam Q r n WFEP Sterili2ed a9ai " USi "S •'«*»> 

JSEi I mS radfati0n sterili ««on techniques, 
loozej Bone graft constructs in accordance with the 
present invention can be utilized for inducing the repa, 
vlrt^T " d6feCtiVe regi0n of a warTn-blooSed 
b^mn? S , b ° nytlSSUe - The b °"« 9^ instruct can 
t TT 6 m the damaged or diseased «8lon un" 
der conditions conducive to proliferation of endogenous 

[0027] m one embodiment of the present Invention 
yoph.l.zed bone graft compositions can be used Tari 
implantable heterograft for bone tissues in need otre" 
or L°L aU9m ! ntati0n ' m0St ^P'" 1 ^ correct trauma 
ntestinal submucosa is compressed into a variety of 

ufactu-H '"I 3 '' 6 ' b ° ne instructs are man- 

fo™ ™ aXOrdan ° 8 W,th the present inven «°n by 
tenruno a tissue graft mixture comprising intestinal sub 
mucosa m powder form, as described above, and com- 

t w ^ 9raft mixTure oan be compressed 
to form a predetermined shape using standard tech- 
mques known to those skilled in the art. 
[0028] In this manner, the intestinal submucosa In 

powderformcanbecompressedintoethreedTmensU- 
« construct shaped to fit the area targeted foT end . 
•nou. bone formation. Optimally the compressed pow- 
der bone graft will maintain its general shape afteMm- 
Plantation during repiacement of the graft co'nstSct ! 
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endogenous tissues. 

S Tl1 ! t ! SSUe 9raft mixture comprises intestinal 
submucosa delamlnatedfromthetuntea muscularis and 

5 Li 0 """ 15 ° f tne mucosa ° f ^arm- 

Si!! V „ bRltS lnteStlne - ln addmon . s "PP°t mate- 
nals may be combined with the bone graft powder prior 
tocompr sslng the powder composition Into its desired 
*Z£'Z? eXamP ' e W^PMe and/or other bio- 
io 'WnT 'u 8 ^ COntaJnin 9 minerals ca " be com- 

22 T ? e bone 9raft in powd6r form to Olw «*«- 

S,? ^ ^ su PP° rtfor the remodeled replacement 
tissue. Altemativsly toe powder bone graft J; mposm Z 

T fn l Pr T ed ° nt0 an 6x 's«ng structure orprothesis 

» IS 3 «"! 9rBft l3yer 00 the structure Pn°r to im- 

J^-**!** into a patient. 
P030] , n a ddltloni ph(jsphate ^ 

wl 91031 minera ' S0Urces ran be COf " b 'nad 

with the bone graft composition to assist in repair of 

20 S^*""* ^ P^ysioiogioaf compatible 
22? "Tf y compnse up to 60% of the bone graft com- 
portmn. Preferably the physiological compatible miner- 
al compnses about 5% to about 50% of the bone oraft 

SSJTtH' V most preferably COmprises about 5% 

o 30 ^ of the bone graft composition. 
[0031] Bioactive agents may be admixed with the 
pcwder intestinal submucosal graft materia, to create a 
de^erysystemforthelocal treatment of bonedlsorders 

beSmh 868 , 1 " P l M&r > b0ne ^ft compositions can 
be combmed wrth an effective amount of bioactive in- 

EE?"* V " antibi ° t * CS ' ^^otherapeu 0 

P032] For example, a tissue graft composition com- 
pntlng intestinal submucosal material and an antlbioJc 
» may be useful in the treatment of osteomyelitis hereby 
reduang the need for and risk of parenteral an£ 0 to 
lr i addition, a tissue graft composition comprising intes- 
tna submucosal material and an antineoplasti? agSt 

ZLT 1 ^'T 9rBft C ° mpOSttlon ^P^ing inteT: 
flnal submucosal material and an osteogenic or other 
growth factor (e.g., osteogenin, bone morphogenei 
protem, parathyroid hormone, and TSFp) could bW 
mo accelerate the repair of skeleta, defects « £££ 

I JfT traUma and With skslstal dBfl ^ncy dls 
orders such as osteogenesis Imperfecta and osteoporo- 
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COMPARATIV E EXAMPI P 1 

Bone Graft C omposition In P 0Wd6r FonTI 



[0033] Small intestine tissue comprising tunica sub- 
mucosa and the basilar portions of vertebrate intesthe 
° rCh0PPed lmoarbftrari ^a.l pieces us g 
tissue scissors, a single-edged-razorblade, orother ap 
propnate cutting implement Tne tissue specimen are 
thenarepla^dinafiatbottomstainlesssteel^ntain^ 
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and liquid nitrogen is introduced into the container to 
freeze the tissue specimen to prepare them for commi- 
nuting. 

[0034] The frozen specimen are then comminuted to 
form a coarse powder. Such processing can be carried s 
out, for example, with a manual arbor press with a cy- 
lindrical brass Ingot placed on top of the frozen speci- 
men. The ingot serves as an interface between the 
specimen and the arbor of the press, it is typically nec- 
essary to add liquid nitrogen periodically to the sped- to 
men to keep them frozen. 

[0035] Other methods for comminuting small intestine 
tissue comprising submucosa tissue may be utilized to 
produce a bone graft composition in powder form. For 
For example, small intestine tissue comprising submu- *5 
cosa tissue can be freeze-dried and then ground. Alter- 
natively, small intestine tissue comprising submucosa 
tissue can be processed in a high shear blender to pro- 
duce, upon dewatering and drying, a bone graft compo- 
sition inpowderform. Furthergrindingofthesubmucosa 20 
powder using a pre-chilled mortar and pestle can be 
used to produce a consistent, more finely divided prod- 
uct. Again, liquid nitrogen is used as needed to maintain 
solid frozen particles during final grinding. 

25 

COMPARATIVE EXAMPLE 2 

Solubiiized Bone Graft Composition in Powder Form 

.[0036] Bone graft compositions comprising commi- 30 
■nuted intestinal submucosa can be solubiiized to form 
■a. substantially homogeneous solution by digesting the 
composition with an enzyme. I n one preferred embodi- 
ment, comminuted intestinal submucosa in powder form 
■(prepared as describe i n Comp arative examp le 1 ) is sift- 35 
ed through a wire mesh into a vessel and resuspended. 
The powder is then digested with 1 mg/m! of pepsin (Sig- 
ma Chemical Co., St. Louis, MO) in 0.1 M acetic acid, 
adjusted to pH 2.5 with HCi, over a 48 hour period at 
room temperature. The reaction medium is neutralized 40 
with sodium hydroxide to inactivate the peptic activity. 
The solubiiized submucosa is then concentrated by salt 
precipitation of the solution and separated for further pu- 
rification and/or freeze drying to form a protease solu- 
biiized intestinal submucosa in powder form. 45 

COMPARATIVE EXAMPLE 3 - Applications 

[0037] Two different bone graft compositions com- 
prising intestinal submucosa were investigated fortheir so 
induction of endogenous growth of bone tissue. Onefor- 
mutation consists of submucosa in its natural hyd rated 
state and the other represents intestinal submucosa as 
a lyophilized particulate. 

[0038] To determine the osteogenic ability of Intestinal ss 
submucosa, applicants used a well established animal 
model. The model involves the formation of circular de- 
fects (8-mm diameter) in the parietal bones of adult 



(greater than S months of age) Sprague Dawley rats. 
The defect is of a critical size such that the intraosseous 
wound would not heal by bone formation during the life- 
time of the animal. Various formulations of rat or porcine 
small Intestinal submucosa were placed on the dura 
within the defect margins. Additional rats in which no 
material or demineralized allogeneic bone particles 
were placed in the defect area.served as negative and 
positive controls, respectively. The periosteal and skin 
layers were then sutured closed and the animals recov- 
ered for periods of 2 weeks to 1 year. At necropsy, the 
calvariawere grossly examined and radiomorphometry 
was used to measure radiopacity of skeletal defects. 
The calvariawere then harvested, fixed, sectioned, and 
stained for histological evaluation. 
[0039] Intestinal submucosa in Its natural hydrated 
state was prepared from porcine and rat small intestine 
as previously described by in U.S. Patent No. 
4,902,508. The material was rinsed in phosphate buff- 
ered solution containing an antibiotic (gentamlcin sul- 
fate) and a protease inhibitor (phenyl methyls uifonyl flu- 
oride) and then sterilized using peracetlc acid, gamma- 
irradiation, and other techniques. Prior to implantation, 
the material was minced into 1 x 1 mm 2 pieces and 
rinsed in sterile saline. 

[0040] Intestinal submucosa as a dehydrated partic- 
ulate was prepared by pulverizing intestinal submucosa 
under liquid nitrogen to achieve particles which ranged 
from 0.1 to 1 mm 2 in size. The particulate was then 
lyophilized overnight and then sterilized to form a solid 
anhydrous particulate composite. 
[0041] When no material is applied to the defect area, 
new bone growth was limited to the defect margins, 
whereas the central portion of the defect showed a dis- 
organized fibrous connective tissue matrix. Incomplete 
healing (less than 10%) of the defect remained evident 
at 1 2 weeks following surgery. 
[0042] Four weeks following implantation of deminer- 
alized bone particles, spicules of new bone growth were 
evident throughout the defect area. By B weeks, bridges 
of new woven bone were evident between demineral- 
ized boneparticles and between the edges of the defect 
and demineralized bone particles. Based on radio- 
graphic data approximately 70-80% of the original de- 
fect area was filled by new bone. Thereafter, new bone 
growth appeared to increase in density and level of mat- 
uration such that none of the original defect area re- 
mained. 

[0043] Studies involving various formulations of intes- 
tinal submucosa indicated that after four weeks follow- 
ing implantation, islands of new bone formed at the edg- 
es of the defect and th rough outthe defect area. By eight 
weeks, the new bone growth increased in density and 
level of maturation such that the defect margins were 
bridged with new bone: the new bone occupying about 
70-80% of the original defect area. The new bone was 
effectively fused with the old bone flanking the defect. 
[0044] Based on the currently available data, there 
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are no observable differences between the effective- 
ness of intestinal submucosa in its natural hydrated 
state as compared to intestinal' submucosa as a lyophi- 
iized particulate when used to induce new bone forma- 
tion. At early time points (4 weeks following implanta- 
tion), it appears that both are effective at inducing oste- 
ogenic activity. Additionally, it is apparent that Intestinal 
submucosa in its natural hydrated state and as a iyophi- 
lized particulate Induced growth of new bone more effi- 
ciently and at a faster rate than currently used therapeu- 
tic strategies. The resuitant new bone growth induced 
by the intestinal submucosa was more homogenous 
than that observed in the positive control animals. 
[0045] Advantageously, lyophilized particulate com- 
positions can be molded, pressed, and contoured, for 
example, to fit a bone defect. In addition, composites 
involving intestinal submucosa and various other mate- 
rials (e.g., hydroxyapatite, tricalcium phosphate, etc.) 
may be formed and useful for tissue repair. 
[0046] The lyophilized submucosa compositions find 
wide application both in bone tissue replacement and 
repair. Three-dimensional bone graft constructs in ac- 
cordance with the present invention can induce re- 
growth of natural connective tissue or bone in an area 
of an existent defect. Damaged or defective regions of 
vbane can be repaired by contacting the damaged or de- 
fective region with a three-dimensional bone graft con- 
struct comprising intestinal submucosa. 
.'.[0047] Perhaps the most remarkable aspect of the 
constructs of the present invention is their ability to in- 
duce regrowth of natural bone tissue in an affected area. 
By-contacting a damaged or defective region of bony 
tissue with an effective amount of the present lyophilized 
intestinal submucosa compositions, one can induce nat- 
ural bone growth and repair of the damaged or defective 
region. 

[0048] Although the invention has been described in 
detail with reference to certain preferred embodiments, 
variations and modifications exist within the scope of the 
Invention as described and defined in the following 
claims. 



Claims 

1. A three-dimensional shaped bone graft construct 
for inducing the repair of bone in a warm-blooded 
vertebrate said bone graft construct being formed 
from a composition consisting essentially of 

a mixture of intestinal submucosa or a digest 
thereof in powderform, wherein said intestinal 
submucosa comprises the tunica submucosa 
delaminated from both the tunica muscuiaris 
and the luminal portion of the tunica mucosa of 
a warm-blooded vertebrate intestine; and 
an additive selected from the group consisting 
of a bioactive agent or physiologically compat- 



ible mineral, wherein said composition is com- 
pressed to form the three-dimensional shaped 
construct 

5 2, The bone graft composition of claim 1 wherein the 
physiologically compatiblemineral comprises acaJ- 
cium containing mineral. 

3. The bone graft composition of claim 1 wherein the 
bioactive agent is a growth factor. 

4. A method of manufacturing a bone graft construct, 
said method comprising 

forming a tissue graft mixture consisting essen- 
tially of intestinal submucosa or a digestthereof 
in powderform, wherein said intestinal submu- 
cosa comprises the tunica submucosa delami- 
nated from both the tunica muscuiaris and the 
luminal portions of the tunica mucosa of warm- 
blooded vertebrate intestine and; 
compressing said mixture to form a three-di- 
mensional shaped construct. 

5. A method of manufacturing a bone graft construct, 
said method comprising 

forming a tissue graft mixture consisting essen- 
tlaily of intestinal submucosa or a digest thereof 
in powderform, wherein said intestinal submu- 
cosa comprises the tunica submucosa delami- 
nated from both the tunica muscuiaris and the 
luminal portions of the tunica mucosa of warm- 
blooded vertebrate intestine and an additivese- 
lected from the group consisting of calcium con- 
taining minerals and bioactive agents; and 
compressing said mixture to form a three-di- 
mensional shaped construct is shaped to con- 
form to fit an area targeted for endogenous 
bone formation. 

6. The use of intestinal submucosal tissue of a warm- 
blooded vertebrate in the preparation of a biode- 
gradable bone graft construct useful for inducing 
the repair of bone in a warm-blooded vertebrate, 

. said bone graft construct consisting essentially of 
intestinal submucosa tissue of a warm-blooded ver- 
tebrate wherein the intestinal submucosa compris- 
esthe tunica submucosa delaminated from both the 
tunica muscuiaris andthe luminal portions of the tu- 
nica mucosa, or a digest thereof, in powderform 
and compressed into a pre-determined three-di- 
mensional shape prior to implantation, wherein the 
compressed powder bone graft construct maintains 
its general shape after implantation during the re- 
placement of the graft construct with endogenous 
tissue. 
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7. The use of intestinal submucosal tissue of a warm- 
blooded vertebrate in the preparation of a biode- 
gradable bone graft construct useful for inducing 
the repair of bone in a warm-blooded vertebrate, 
. said bone graft construct consisting essentially of 
int stinal submucosal tissue of a warm-blooded 
vertebrate wherein the intestinal submucosa com- 
prises thetunicasubmucosa delaminated f rom both 
the tunica muscularis and the luminal portions of the 
tunica mucosa, or a digest thereof, in powder form 
and an added bioactive agent selected from the 
group consisting of physiological compatible miner- 
als, growth factors, antibiotics, chemotherapeutic 
agents, antigens, antibodies, enzymes and hor- 
mones, wherein said submucosal tissue and bioac- 
tive agent are compressed into a pre-determined 
three-dimensional shape priorto implantation, and 
wherein the compressed powder bone graft con- 
struct maintains its general shape after implantation 
during the replacement of the graft construct with 
endogenous tissues. 



Patentanspriiche 

1. Dreidimensional geformtes Knochentransplantat- 
konstrukt zur Induzierung der Wiederhersteilung 
von Knochen in einem warmbiQtigen Wirbeltier, wo- 
bei das Knochentranspiantatkonstrukt aus einer 
.Zusammensetzung gebildet ist, die im Wesentli- 
chen bestehtaus 

einer Mischung von intestinaier Submukosa 
oder einem Verdauungsprodukt derselben in 
pulverformiger Form, wobei die intestinale Sub- 
mukosa die von sowohl der tunica muscularis 
und dem luminalen Bereich der tunica mucosa 
des Damns sines warmbiQtigen Wirbeltieres 
abgeschalte tunica submucosa aufweist, und 
einem Additiv ausgewahit aus der Gruppe be- 
stehend aus einem bioaktiven Mlttel oder phy- 
siologisch kompatiblen Mineral, wobei die Zu- 
sammensetzung komprimiert ist, urn das drei- 
dimensional geformte Konstruktzu bilden. 

2. Knochentransplantat nach Anspruch 1 , dadurch 
gekennzeichnet, dass das physioiogisch kompa- 
tible Mineral ein Calcium enthaltendes Mineral auf- 
weist. 

3. Knochentranspiantatzusarnmensetzung nach An- 
spruch 1 , dadurch gekennzeichnet, dass das bio- 
aktive Mlttel ein Wachstumsfaktorist 

4. VerfahrenzurHerstellung eines Knochentranspian- 
tatkonstrukts, wobei das Verfahren umfasst: 

Bildung einer Gewebetransplantatmischung, 



die im Wesentiichen aus intestinaier Submuko- 
sa oder einem Verdauungsprodukt derselben 
in pulverformiger Form besteht, wobei die inte- 
stinale Submukosa die tunica submucosa auf- 
weist, die von sowohl dertunica muscularis und 
den luminalen Bereichen der. tunica mucosa 
des Darms von warmbiQtigen Wirbeltieren ab- 
geschalt ist, und 

Komprimierung der Mischung, urn ein dreidi- 
mensional geformtes Konstrukt zu bilden. 

5. Verfahren zur Herstellung eines Knochentransplan- 
tatkonstrukts, wobei das Verfahren umfasst 

Bildung einer Gewebetransplantatmischung im 
Wesentiichen bestehend aus intestinaier Sub- 
mukosa oder einem Verdauungsprodukt der- 
selben in puiverformiger Form, wobei die inte- 
stinale Submukosa die tunica submucosa auf- 
weist, die von sowohl dertunicamuscularis und 
den luminalen Bereichen der tunica mucosa 
des Darms von warmbiQtigen Wirbeltieren ab- 
geschart ist, und einem Additiv, das ausgewahit 
ist aus der Gruppe bestehend aus Calcium ent- 
haltenden Mineraien und bioaktiven Mittein, 
und 

Komprimierung der Mischung zur Bildung ei- 
nes dreidimensional geformten Konstrukts, 
welches geformt ist, urn zur Anpassung an ei- 
nen fureine endogene Knochenbildung ausge- 
suchten Bereich zu entsprechen. 

6. Verwendung von submukosaJem Darmgewebe ei- 
nes warmbiQtigen Wirbeltieres bei der Herstellung 
eines bioabbaubaren Knochentransplantatkon- 
strukts, das zur Induzierung der Wiederhersteilung 
von Knochen in einem warmbiQtigen Wirbeltier 
brauchbar ist, wobei das Knochentranspiantatkon- 
strukt im Wesentiichen aus submukosaiem Darm- 
gewebe eines warmblutlgen Wirbeltieres besteht, 
wobei die intestinale Submukosa die tunica submu- 
cosa aufweist, die von sowohl dertunica muscularis 
und den luminalen Bereichen der tunica mucosa 
abgeschait ist, oder ein Verdauungsprodukt dersel- 
ben, in pulverformiger Form, und die vor der Implan- 
tation in eine vorbestimrnte dreidimensionale Ge- 
staltkomprimiertwurde, und wobei das komprimier- 
te Konstrukt aus Knochentransplantatpuiver seine 
allgemeine Gestalt nach der Implantation wahrend 
der Ersetzung des Transplantatkonstrukts mit en- 
dogenem Gewebe beibehalt 

7. Verwendung von submukosaiem Darmgewebe ei- 
nes warmbiQtigen Wirbeltieres bei der Herstellung 
eines bioabbaubaren Knochentransplantatkon- 
strukts, das zur Induzierung der Wiederhersteilung 
von Knochen in einem warmbiQtigen Wirbeltier 
brauchbar ist, wobei das Knochentransplantatkon- 
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strukt im Wesentlichen aus submukosalem Damv 
gewebe eines warmbiutigen Wirbeltieres besteht, 
wobei die intestinale Submukosa die tunica submu- 
kosa aufweist, die sowohl von dertunica muscularis 
und den luminalen Bereichen der tunica mucosa 
abgeschalt 1st, Oder ein Verdauungsprodukt dersel- 
ben, in puiverformiger Form, und einem zugefGgten 
bioaktiven Mittei ausgewahitaus derGruppe beste- 
hend aus physiologisch kompatiblen Mineralien t 
Wachstumsfaktoren, Antibiotika, chemotherapeuti- 
schen Mitteln, Antigenen, Antikorpem, Enzymen 
und Hormonen, wobei das submukosale Gewebe 
und bioaktive Mittei vor der Implantation in eine vor- 
bestimmte dreidimensionale Gestalt komprimiert 
sind und wobei das komprimierte Konstrukt aus 
Knochentransplantatpulver seine allgemeine Ge- 
stalt nach der Implantation wahrend der Ersetzung 
des Transplantatkonstrukts mit endogenen Gewe- 
ben beibehalt. 



Revendicatlons 

1 . Construction de forme tridimensionnelle pour greffe 
osseuse pour induire la reparation de I'os chez un 
vertebra a sang chaud, ladite construction pour 
greffe osseuse etant formee a partir d'une compo- 
sition consistant sensiblement en : un melange de 

. sous-muqueuse intestinale ou un digeste de cette 
dernieresous forme de poudre, dans laqueile ladite 
sous-muqueuse intestinale comprend ia tunique 
sous-muqueuse delaminee a la.fois de la tunique 
musculaire et de la portion luminale de ia tunique 
■muqueuse de Tintestin d'un vertebre a sang chaud; 
et un additif selectionne dans le groupe consistant 
en un agent bioactif ou un mineral physiologique- 
ment compatible, dans laqueile ladite composition 
est comprimee pour former fa construction de forme 
tridimensionnelle. 

2. Composition pour greffe osseuse de la revendica- 
tion 1, dans laqueile le mineral physiologiquement 
compatible comprend un mineral contenant du cal- 
cium. 

3. Composition pour greffe ossause de la revendlca- 
tion 1, dans laqueile I'agent bioactif est un facteur 
de croissance. 

4. Procede de fabrication d'une construction pour 
greffe osseuse, ledlt proc&de comprenant les ope- 
rations consistant a : former un melange pour greffe 
detissu consistant sensiblement en une sous-mu- 
queuse intestinale ou en un digeste de cette der- 
niere sous forme de poudre, dans lequel ladite 
sous-muqueuse intestinale comprend la tunique 
sous-muqueuse delaminee a la fois de la tunique 
muscuiaire et des portions luminales de ia tunique 



muqueuse de Tintestin d'un vertebre a sang chaud 
et; a comprimer ledlt melange pour former une 
construction de forme tridimensionnelle. 

5 5. Procede de fabrication d'une construction pour 
greffe osseuse, ledit procede comprenant les ope- 
rations consistant a former un melange pour greffe 
de tissu consistant sensiblement en une sous-mu- 
queuse intestinale ou en un digeste de cette der- 
fo niere sous forme de poudre, dans lequel ladite 
sous-muqueuse intestinale comprend la tunique 
sous-muqueuse delaminee a la fois de la tunique 
muscuiaire et des portions luminales de la tunique 
muqueuse de Tintestin d'un vertebre a sang chaud 
15 et un additif selectionne dans le groupe consistant 
en mineraux contenant du calcium et en agents 
bioactifs et a comprimer ledit melange pour former 
une construction de forme tridimensionnelle est fa- 
conn ee pour se conformer a s'adapter a une aire 
20 ciblee pour la formation d'os endogene. 

6. Utilisation detissu de ta sous-muqueuse Intestinale 
d'un vertebre a sang chaud dans la preparation 
d'une construction biodegradable pour greffe os- 

25 seuse utile pour induire la reparation de I'os chez 
un vertebre a sang chaud, ladite construction pour 
greffe osseuse consistant sensiblement en un tissu 
de la sous-muqueuse intestinale d'un vertebre* a 
sang chaud dans iaqueiie la sous-muqueuse intes- 

30 tinaie comprend la tuniquesous-muqueuse delami- 
nee a la fois de la tunique muscuiaire et des portions 
luminales de ia tunique muqueuse, ou un digeste 
de celles-ci, sous forme de poudre et comprimee 
dans une forme tridimensionnelle predeterminee 

35 avant implantation, dans Iaqueiie la construction 
comprimee en poudre pour greffe osseuse conser- 
ve sa forme generale apres implantation au cours 
du remplacement de la construction pour greffe par 
du tissu endogene. 

40 

7. Utilisation detissu de ta sous-muqueuse intestinale 
d'un vertebrS a sang chaud dans la preparation 
d'une construction biodegradable pour greffe os- 
seuse utile pour induire la reparation de Tos chez 

45 un vertebre a sang chaud, ladite construction pour 
greffe osseuse consistant sensiblement en un tissu 
de la sous-muqueuse intestinale d'un vertebre a 
sang chaud dans laqueile la sous-muqueuse intes- 
tinale comprend la tunique sous-muqueuse delami- 

so nee a la fois de la tunique muscuiaire et des portions 
luminales de la tunique muqueuse, ou un digeste 
de celles-ci, sous forme de poudre et un agent 
bioactif ajoute selectionne dans le groupe consis- 
tant en mineraux compatibles physio logiques, fac- 

55 teurs de croissance, antibiotiques, agents chimio- 
therapeutiques, antigenes, anticorps, enzymes et 
hormones, dans laqueile lesdits tissu de sous-mu- 
queuse et agent bioactif sontcomprimes en unefor- 
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me tridimensionnelle pr£d t§termin ee avant implan- 
tation &t dans laquelle la construction comprimee 
en poudre pour greffe osseuse conserve sa forme 
generate apr&s implantation au cours du remplace- 
ment de la construction pour greffe par du tissu en- s 
dogene. 
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